This paper is being presented at a special session honoring J.H.F. Gardner who was my mentor. Here I discuss a phenomenon which we studied together in 1992. At that time we noticed that migration amplitudes are highly affected by the acquisition geometries, and that migration introduces very significant amplitude distortions to the data. We suggested ways to solve these problems during the migration. Since then, I have often received data for AVO inversion which was naively migrated and contaminated by this artifact. Re-migration was not an option in many of these cases. Here I suggest a practical solution which can be applied after migration and before AVO. It is a very heuristic approach, but is practical for many cases where re-migration is not available.
Introduction
Amplitude preservation is the most important element in seismic data processing and migration, when it comes to AVO and inversion. Users who perform amplitude inversion and extract rock properties from their seismic data expect that the data they use is "true amplitude". At the same time the developers of migration programs emphasis the "amplitude preservation" qualities of their programs. The reality is often very different. In many cases we notice that the data used for inversion does not look like "true amplitude" or "amplitude preserved" even though the processors usually insist that they used the best available amplitude preserving migration. I can testify that 90% of the datasets that I have received for AVO inversion did not look at all like true amplitude data. The problems are mainly associated with acquisition geometries and conventional practices in pre-stack migration programs (both Kirchhoff and wave equation migration). In Kirchhoff migration, for example, people may spend much effort to compute and apply the amplitude preserving weights (Belkin determinant, 1985) which have a second order effect on the resulting amplitudes, but completely ignore a first order effect of the acquisition geometries. The issue was discussed by several authors, including Albertin, et. al, 1999 , Cooper et.al, 2009 and others who suggested various solutions to be implemented as part of the migration process. In this paper I will discuss some practical "post-mortem" solutions to balance datasets which had already been migrated, but whose amplitudes were distorted by the migration program. I will concentrate mainly on one aspect -the artifacts caused by 3-D acquisition in common offset pre-stack migrations, which is probably the most popular migration strategy in the context of AVO and inversion.
To better understand the problem, let us look at some examples. Figure 1 display migrated gathers from various 3-D seismic surveys acquired at different parts of the world. Notice that there are similarities in the general AVO of these gathers, all of them show high amplitudes at center offsets compared with the near and far offsets. We addressed this artifact before in a number of papers (Canning & Gardner, 1994 , 1996 . The problem can be intuitively explained using a simple synthetic example. Figure 2a shows an idealized 3-D survey in which regular receiver lines are indicated by pink dots and shot lines by black dots. A spiral diagram shows the geometry of one shot which exhibits wide azimuth distribution. Figure 2b displays an offset histogram and Figure 2c an azimuth histogram. These describe a very typical behavior common to most 3-D surveys and show that although the acquisition uses a regular pattern most traces fall in the central offsets, whereas near and far offsets receive significantly less sampling. Not surprisingly the "strange" amplitude distributions which are illustrated in the above migrated gathers are very similar to the offset histogram in Figure  2b . Clearly such amplitude profiles are not seen in the original gathers which were input to the migration program. They are caused by the migration program. In fact it is not accidental that the amplitude distribution with offset that we see in the gather resembles the offset histogram. A simple explanation to this artifact is that the (common offset) migration sums amplitudes for each offset bin independently. Hence, the larger the fold, the larger the average amplitude of the data in that offset bin. It is a very simple effect, but most migration programs ignore it. Figure 3 shows fold maps for separate offsets bins. Figure  a) is the near offset bin, b) is a central offset bin and c) is a far offset bin constructed from a real 3-D survey. Two migration related phenomena are very disturbing. One is that the near and far offsets are significantly aliased (large empty regions of no fold), so we cannot expect to get a good image for those bins. The other is the large fold variations between the three bins, which clearly affect the migration amplitudes and consequently distorts the AVO. Again, this will happen with the best amplitude preserving migration, unless steps are taken in the migration to prevent it. In Canning & Gardner, 1996 we presented a method for overcoming this issue in Kirchhoff migrations. Others have devised various ways to deal with this in migration programs, but in practice most migrations are still applied without such corrections.
Method
The situation is as follows: the data is already migrated, the artifacts are already introduced in the data, and our clients still want to perform AVO analysis. To handle this problem we first analyze the acquisition geometry looking at fold maps such as the ones presented in Figure 3 . To reduce aliasing artifacts, we stack adjacent offsets and with that increase the fold and reduce the aliasing artifacts -very simple but very significant. To reduce the amplitude distortion we first analyze the offset histograms (Figure 2) . The basic assumption is that the acquisition pattern affects the data in a consistent way, so the artifacts are the same throughout. This of course is a generalization, but it is correct for regular acquisitions and is an approximation when there are deviations from this basic pattern. Note that most 3-D surveys have some basic acquisition pattern which is repeated for each shot, and therefore in general, we observe the same amplitude distortions in all gathers in the survey. Also note that the effects of the irregular deviations from the regular acquisition pattern cannot be resolved using the strategy we present here, and is therefore not discussed here. Figure 4 illustrates this concept. Figure  4a is a migrated gather from a marine 3-D survey that was acquired using both a long cable and a short cable due to the fact that the acquisition boat had to avoid a number of rigs. Note that the amplitude distribution in this gather is very strange. It has low amplitudes at the near and far offsets and large amplitudes at the center offsets. This gather was migrated with an amplitude preserving migration, but the acquisition effects were ignored during the migration process, so we get this very typical amplitude-offset distribution. Figure 4b displays a "full dataset" gather. This gather was calculated as follows: first we calculated the envelope of all traces in the migrated prestack dataset. The envelope was used here because it is an effective attribute for analyzing amplitudes. Then the entire 3-D dataset was stacked into a single offset gather, or, in other words, each offset bin was stacked into one of the traces in this gather. This gather therefore represents the "general" amplitude distribution in this dataset. We expect that the exceptions to the "common" rule will be stacked in a destructive way and will not affect this gather. It is therefore not surprising that the full dataset gather is very similar to the one, arbitrarily selected, gather in terms of their amplitude distributions. This happens because this dataset was distorted by the pre-stack migration process, as I described above, in a consistent way throughout the dataset. In other words, this amplitude artifact is imprinted over the whole dataset. If the migration was done properly by balancing acquisition effects, we would expect to obtain a slowly decreasing average amplitude with offset in such a "full dataset" gather. To undo this artifact we first estimate the average RMS amplitude for each trace in the "full data" gather. We use its inverse as a scale factor (per offset) for all traces in the dataset. This procedure will equalize the average amplitude per offset. To recover the "true" average amplitude variations with offset, we match the balanced migrated gather at the well location with a synthetic gather calculated from well logs. We extract a matching scale factor per offset and apply it throughout the dataset. In other words, we apply a single scale factor per offset to the entire dataset. This scale factor is a multiplication of the scale factor extracted from a "full dataset" gather and the scale factor obtained by matching a gather with the synthetic one at the well location. In this way any lateral variations which exist in the data are not distorted, and the AVO is matched at the well. The justification for this process is the realization that the pre-stack common offset migration imprints an amplitude artifact which is consistent throughout the data and can be undone by an amplitude analysis of the entire dataset. Figure 5 displays one gather before and after this correction, demonstrating the effect of this post-migration correction.
Conclusions
We showed that conventional common offset migrations cause AVO distortions to most 3-D datasets. We analyzed these distortions and concluded that they are (on average) the same for all gathers in the data. We used this realization to undo this artifact post migration. Our experience is that these artifacts are very common, and data is regularly inverted for AVO and amplitudes without paying any attention to this very significant artifact. 
